Abstract
126
All prepared SIP disks were stored in sealed metal tins at −17°C until they were 127 transferred to the sampling locations. and are presented in Table S4 . The MDLs in Table S4 were also calculated based on 217 the 90-day exposure duration.
218
The volume of air sampled for cVMS in SIP disks can be described by the following
where Vair is the air volume sampled by the SIP disk, KSIP-A is the SIP-air partition Table S5 . Values of kA can be derived from the site-specific sampling rate Table S6 .
230
The values of log (KSIP-A) for D3, D4, D5, and D6 are listed in Table S7 ; and the air 231 volume sampled by the SIP disk are provided in Table S8 . Then, volumetric 232 concentrations of D4, D5, and D6 are presented in Table S9 .
233
Result and discussion
234

Concentration of neutral PFASs and cVMS
235
From NMeFOSA, and NEtFOSA) in Table S4 can reach a maximum of around 10 pg/m 3 ,
251
while the total concentration of sulfonamidoethanols (including NMeFBSE,
252
NMeFOSE, and NEtFOSE) was only a few pg/m 3 , which is an order of magnitude Tibetan atmosphere (Table S6 ). The average atmospheric concentrations for D3, D4,
263
D5, and D6 were 29.1, 38.8, 88.6 and 1.6 ng/m 3 , respectively (Table S9) .
264
Concentrations of D5 were higher than D3 and D4, which is different from the reported reported, and were found to be strongly related to the air circulation patterns of the TP, found at Qamdo and Bomi (Table S10 ). However, spatial variation was found in total
312
FTOHs (Figure 1) , and significant differences only occurred at the east regions (Chayu,
313
Rawu, and Lulang) and the western sites (Gar and Muztagata, 
347
In the present study, low ratios were observed in the cities, i.e. 2.4:1.7:1 and 6.8:1 into these three zones ( Figure S2 , Table S11 ). The average ratios of 8:2 to 10:2 to 6:2 (Table S11 ). The high ratios indicate the aged nature of atmospheric
358
PFASs in the atmosphere of the TP, especially around the transition zone (Table S11) .
359
Given that the transition zone is located in the hinterland (central part) Table   392 2) correlated with each other, suggesting these precursors may be released together in 393 the source region.
394
Spatial distribution of cVMS across the TP
395
As mentioned above, greater levels of cVMS were found in the urban areas of Lhasa 
408
Another reason that can also influence the atmospheric concentration of cVMS is their 
451
Correlations between cVMS congeners
452
Similar to previously published studies, good correlations were found between D3, D4,
453
and D5 (Table S9 ). The correlation coefficients varied from 0.69 to 0.79 (all 454 correlations were significant at the 95% confidence level; the data from Lhasa and
455
Golmud were excluded), while the correlation between D5 and D6 was not significant.
456
The good correlation implies that either D3, D4, and D5 have common sources and emissions of emerging compounds due to urbanization will inevitably increase.
505
Following the population expansion, wastewater treatment plants deployed in cities will 506 not only emit volatile PFASs and cVMS into the air, but will also contaminate the TP's 507 water bodies (i.e. rivers, wetlands, and lakes), which are precious clean water resources.
508
Thus, the risks posed by city expansion to the burden and transport of pollutants should 509 be of great concern. Increasingly, concern regarding the toxicity and exposure risks of Acknowledgements. This study was supported by the National Natural Science 
